Memantine depresses glutamate release through inhibition of voltage-dependent Ca2+ entry and protein kinase C in rat cerebral cortex nerve terminals: an NMDA receptor-independent mechanism.
Memantine has been used to treat several neurological diseases, including those associated with excessive glutamate release. It has been believed that the neuroprotective effect of memantine results from its inhibitory effect on glutamate-induced neurotoxicity via postsynaptic N-methyl-d-aspartate receptor (NMDAR) antagonism. However, the presynaptic effect of memantine on glutamate release has never been examined. Therefore, the aim of this study was to investigate the effect of memantine on the release of glutamate from rat cerebral cortex nerve terminals (synaptosomes). Results showed that memantine inhibited the release of glutamate evoked by 4-aminopyridine (4-AP) in a concentration-dependent manner. The effect of memantine on the evoked glutamate release was insensitive to the NMDAR antagonist D-AP5, but prevented by the chelating intrasynaptosomal Ca2+ ions, and by the vesicular transporter inhibitor bafilomycin A1. In addition, memantine reduced depolarization-induced increase in cytosolic Ca2+ without any effect on synaptosomal excitability, and the reduction of glutamate release could be prevented by blocking the N and P/Q type Ca2+ channels. Furthermore, the memantine-mediated inhibition on 4-AP-evoked glutamate release could be diminished by the protein kinase C (PKC) inhibitors, and memantine significantly reduced the depolarization-induced phosphorylation of PKC, and PKCalpha. Thus, the effect of memantine on evoked glutamate release is linked to a decrease in [Ca2+]i contributed by Ca2+ entry through presynaptic voltage-dependent Ca2+ channels and to the subsequent suppression of the PKC signaling cascade.